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METHOD FOR THE CALIBRATION OF A 
WIRE BONDER 

PRIORITY CLAIM 

The present application claims priority under 35 U.S.C 
§119 based upon SWiss Patent Application No. 2002 0188/ 
02 ?led on Feb. 1, 2002 Which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The invention concerns a method for the calibration of a 
Wire Bonder. 

BACKGROUND OF THE INVENTION 

AWire Bonder is a machine With Which Wire connections 
are made to semiconductor chips after they have been 
mounted on a substrate. The Wire Bonder has a capillary 
Which is clamped to the tip of a horn. The capillary serves 
to secure the Wire to a connection point on the semiconduc 
tor chip and to a connection point on the substrate as Well as 
to guide the Wire betWeen the tWo connection points. On 
making the Wire connection betWeen the connection point on 
the semiconductor chip and the connection point on the 
substrate, the end of the Wire protruding from the capillary 
is ?rst melted into a ball. Afterwards, the Wire ball is secured 
to the connection point on the semiconductor chip by means 
of pressure and ultrasonics. In doing so, ultrasonics are 
applied to the horn from an ultrasonic transducer. This 
process is knoWn as ball bonding. The Wire is then pulled 
through to the required length, formed into a Wire loop and 
Welded to the connection point on the substrate. This last 
process is knoWn as Wedge bonding. After securing the Wire 
to the connection point on the substrate, the Wire is torn off 
and the neXt bond cycle can begin. 

The ball bonding is in?uenced by various factors. In order 
to achieve bond connections of a predetermined quality, the 
adequate values of several physical and/or technical param 
eters must be determined for a particular process. EXamples 
of such parameters are the bond force, that is the force Which 
the capillary eXerts on the ball or the connection point of the 
semiconductor chip during the bonding process, or the 
amplitude of the alternating current Which is applied to the 
ultrasonic transducer of the horn. 

The distances betWeen the connection points on the 
semiconductor chips, knoWn in the art as “pitch”, are 
becoming increasingly smaller. Today, in the Fine Pitch 
?eld, one already tends toWards a pitch of only 50 pm. This 
means that the dimensions of the capillary in the area of its 
tip are also becoming increasingly smaller in order that the 
capillary does not come into contact With the already bonded 
Wires. With the increasingly smaller dimensions of the tip of 
the capillary, the in?uence of unavoidable manufacturing 
tolerances on the mechanical characteristics of the capillary 
become greater. With bonding, the capillary Wears out so 
that from time to time it has to be replaced by a neW 
capillary. Today, in order to achieve reliable bonding results 
even in the Fine Pitch ?eld Without having to recalibrate the 
Wire Bonder With time consuming Work after every capil 
lary change, the capillaries are selected according to strict 
geometrical criteria. 

SUMMARY OF THE INVENTION 

The object of the invention is to develop a method for the 
calibration of a Wire Bonder Which guarantees that, in mass 
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2 
production, semiconductor chips are Wired under the same 
process conditions before and after a capillary change. 
A further task Which is set in mass production is the 

transfer of the optimum parameters found on one Wire 
Bonder to another Wire Bonder. The invention should also 
offer a solution for this task and support the recipe transfer 
from Wire Bonder to Wire Bonder in a simple and robust 
manner. 

Each Wire Bonder has a capillary clamped to a horn. 
Ultrasonics is applied to the horn by an ultrasonic 
transducer, Whereby the ultrasonic transducer is controlled 
by means of a parameter P. The parameter P is preferably the 
current Which ?oWs through the ultrasonic transducer. The 
parameter P can hoWever also be the amplitude of the 
alternating voltage applied to the ultrasonic transducer or the 
poWer or another quantity Which controls the ultrasonic 
transducer. 
As a rule, on capillary change, the oscillating behaviour of 

the capillary tip changes because every capillary has some 
What different characteristics and is also slightly differently 
clamped onto the horn. The endeavoured aim of the named 
tasks consists in measuring the basic in?uential quantities of 
the capillary or the oscillation system formed by the horn 
and the capillary Which have a fundamental in?uence on the 
bonding process and using the knoWledge gained to reset the 
relevant bond parameters of the Wire Bonder after a capil 
lary change according to the mechanical characteristics of 
the neW capillary and only starting production With the neW 
capillary after this. 
The invention is based on the knoWledge that the 

mechanical characteristics of the tip of the capillary have a 
strong in?uence on the ultrasonic force Which the capillary 
eXerts on the ball bond. Because the dimensions of the 
capillary in the area of its tip are becoming smaller and 
smaller, unavoidable manufacturing tolerances also cause 
increasing variations in the rigidity from capillary to capil 
lary. The invention provides a solution as to hoW these 
variations in rigidity can be compensated. 

During bonding, a prede?ned bond force is applied to the 
capillary. The tip of the capillary therefore presses in vertical 
direction against the ball bond Which is clamped betWeen the 
capillary and the connection point of the substrate. When 
ultrasonics is applied to the horn, then stationary ultrasonic 
Waves are formed in the horn and in the capillary. Because 
the capillary is pressed against the ball bond, its tip can not 
oscillate freely. The tip of the capillary therefore eXerts a 
force directed in horiZontal direction, a so-called tangential 
force FT, on the ball bond. This tangential force FT is a 
function of the de?ection AH(t) of the tip of the horn in 
relation to the tip of the capillary, Whereby the parameter t 
designates the time. The tangential force F1(t) is an alter 
nating force F1(t)=FTO*cos((uut), Which oscillates With the 
frequency w of the ultrasonic Waves. 
The amplitude AH of the oscillation of the horn at the 

clamping point of the capillary relative to the tip of the 
capillary lies typically in the range of 0.1—4 pm and is 
therefore small in relation to the length of the capillary of 
typically 11 millimetres. The amplitude AH is also small in 
relation to the length of the thinnest part of the capillary, 
namely the tapering at the tip of the capillary. The capillary 
therefore behaves almost like a spring, ie, the amplitude FTO 
of the tangential force F1(t) is in good approximation 
proportional to the amplitude AH of the oscillations of the 
horn at the clamping point of the capillary relative to the tip 
of the capillary: 
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whereby the quantity k designates a constant Which is 
dependent on the mechanical characteristics of the capillary: 
The constant k is a measure of the ?exural strength of the 
capillary. The amplitude FTO of the tangential force is 
therefore fundamentally dependent on tWo quantities, 
namely the amplitude AH, Which is controlled by the ultra 
sonic transducer, and on the ?exural strength of the capillary. 

The solution of the named tasks noW exists in determining 
the ?exural strength for each capillary and, after each 
capillary change, adapting the parameter P, Which controls 
the ultrasonic transducer, to the determined ?exural strength 
of the capillary so that the tangential force exerted on the 
ball bond by the respective capillary is equally great before 
and after a capillary change. 
When setting up for bonding a neW product, the optimum 

values for various parameters such as bond force, parameter 
P for control of the ultrasonic transducer, etc, must ?rst be 
determined. In the folloWing, it is explained hoW the param 
eter P for control of the ultrasonic transducer is reset after a 
capillary change. The parameter P is, for example, the 
amplitude IO of the alternating current I Which is applied to 
the ultrasonic transducer. A linear relationship exists 
betWeen the amplitude AH and the amplitude IO of the 
alternating current: AH=ot*IO, Whereby the quantity 0t is a 
Wire Bonder dependent constant Which can be determined, 
for example, by means of a calibration in accordance With 
the method given in the European patent EP 498 936. Under 
the prerequisite that the clamping of the capillary in the horn 
has no or only little in?uence on the quantity AH, the 
amplitude FTO of the tangential force therefore results in 

Apart from in?uences of the clamping of the capillary in 
the horn, the amplitude of the tangential force FT produced 
by the Wire Bonder is therefore the same before and after a 
change from a ?rst capillary, the ?exural strength of Which 
is characterised by the value k1, to a second capillary, the 
?exural strength of Which is characterised by the value k2 
When the Wire Bonder is operated after the capillary change 
With the value 

Because, With this correction, only the relationship kl/k2 is 
dealt With, it suf?ces When the ?exural strength is not 
absolute but is only knoWn as far as a proportional constant. 
From the equation (1) it can be seen that, apart from the 

?exural strength of the respective capillary, the amplitude 
AH of the oscillations of the horn at the clamping point of the 
capillary relative to the tip of the capillary also in?uences the 
tangential force exerted on the ball bond. In order to also 
correct the in?uences of the clamping of the respective 
capillary on the horn as Well as the distance L from the tip 
of the capillary to the clamping point on the horn Which 
varies from clamp to clamp, the amplitude of the alternating 
current ?oWing through the ultrasonic transducer is prefer 
ably also corrected according to the amplitude AH. In this 
case therefore, on the one hand, for the ?rst capillary the 
?exural strength k1 is determined and, on the other hand, the 
amplitude AH1 of the oscillations of the horn is measured 
relative to the tip of the ?rst capillary. Analogously, for the 
second capillary, the ?exural strength k2 and the correspond 
ing amplitude AH2 are determined. After the capillary 
change, parameter P2 Which is given by: 

P 2:1 o,2=k1/k2*AH1/AH2*Io,1=k1/k2*AH1/AH2*P 1- (4) 

is then applied to the ultrasonic transducer. Measurement of 
the amplitude AH during the bonding process is relatively 
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4 
aWkWard because, during bonding, the ball bond starts 
relatively soon to slide back and forth on the connecting 
point. HoWever, it has been shoWn that, instead of the 
amplitude AH, the amplitude AC of the oscillations of the 
capillary in the area underneath the clamping point on the 
horn or the amplitude A5 of the tip of the capillary can be 
used While the capillary oscillates freely in the air. For 
parameter P2 one then gets: 

(6) 

Whereby the quantities AC1 and AS1 designate the corre 
sponding amplitudes before the capillary change and the 
quantities AC2 and AS2 designate the corresponding ampli 
tudes after the capillary change. Of course it is important 
that the measurement of these amplitudes takes place With 
the capillary in the same position. Methods for measuring 
the amplitude of the freely oscillating capillary are knoWn 
from the European patent EP 498 936 and from the Japanese 
patent application JP 10-209199. HoWever, these documents 
assume that the oscillations of the capillary run parallel to 
the longitudinal direction of the horn. This is hoWever not 
alWays the case: The amplitude of the oscillations of the 
capillary in a horiZontal direction orthogonal to the longi 
tudinal direction can amount to 30% of the amplitude of the 
oscillations of the capillary parallel to the longitudinal 
direction of the horn. With the measurement it must there 
fore be observed that the actual amplitude of the oscillations 
of the capillary is measured and not just a component of it. 
When one of the amplitudes AHl, AC1 or A51 is measured 

as the amplitude A(W1), then the invention can also be used 
for recipe transfer from a ?rst Wire Bonder W1 to a second 
Wire Bonder W2. The ?exural strengths k1 and k2 of the used 
capillaries are determined as explained above. Furthermore, 
on the ?rst Wire Bonder W1 the amplitude A(W1) of the 
capillary is determined When a prede?ned value P0 of the 
parameter P is applied to the ultrasonic transducer. The value 
P(W1) designates the value of the parameter P Which is 
applied to the ultrasonic transducer of the ?rst Wire Bonder 
W1 With the setup bonding process. On the second Wire 
Bonder W2 the corresponding amplitude AH2, AC2 or A52 is 
determined as amplitude A(W2) of the capillary When the 
value P0 of the parameter P is applied to the ultrasonic 
transducer of the second Wire Bonder. The second Wire 
Bonder W2 is then operated With the value P(W2) of the 
parameters P Which is given by P(W2)=k1/k2*A(W1)/A(W2) 
*P(W1). The value P(W1) designates the value of the param 
eter P Which is applied to the ultrasonic transducer of the ?rst 
Wire Bonder W1 With the setup bonding process. 

It has noW been shoWn that a further geometrical quantity 
exerts an in?uence on the tangential force, namely the 
diameter of the longitudinal drill hole of the capillary Which 
guides the Wire in the area of the tip. The longitudinal drill 
hole of the capillary has a constant diameter H in the loWer 
area Which Widens out at the outlet for reasons Which are 

irrelevant for the present invention. Because, on bonding, 
only that part of the ball bond located outside the longitu 
dinal drill hole is deformed and not the part located inside, 
the portion of the deformed part of the ball bond reduces 
With increasing diameter H of the longitudinal drill hole. 
Therefore, after a capillary change, it is advantageous to 
apply the parameter P2 Which is given by: 

to the ultrasonic transducer Whereby k1 designates the 
?exural strength, A1 one of the above-mentioned amplitudes 



US 6,739,496 B2 
5 

Am, AC1 or AS1 of the freely oscillating capillary and H1 the 
diameter of the longitudinal drill hole of the capillary before 
the capillary change and k2, A2 and H2 the corresponding 
values of the capillary after the capillary change. 

The correction factors explained above have proven them 
selves in practice. HoWever, there are also cases Where the 
correction factors have a more general dependency so that 
the parameter P2 Which, according to the model, is given by: 

or 

or 

P2=g(k1> k2: A1: A2: H1: H2)*P1 (10) 

is applied to the ultrasonic transducer. In the folloWing, 
different methods are explained based on the ?gures With 
Which the ?exural strength or an estimated value for the 
?exural strength is determined by means of a measurement 
or is determined mathematically based on individually mea 
sured geometrical data of the capillary and material param 
eters. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

The accompanying draWings, Which are incorporated into 
and constitute a part of this speci?cation, illustrate one or 
more embodiments of the present invention and, together 
With the detailed description, serve to explain the principles 
and implementations of the invention. The ?gures are not to 
scale. 

In the draWings: 
FIGS. 1, 2 shoW a sensor integrated into a semiconductor 

chip Which comprises four pieZo-resistive elements, 
FIG. 3 shoWs the electrical circuitry of the four pieZo 

resistive elements, 
FIG. 4 shoWs a further pieZo-resistive sensor, and 

FIG. 5 shoWs a cross-section of a capillary. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One possibility for determining the ?exural strength by 
means of a measurement consists in measuring the tangen 
tial force produced by the capillary on application of ultra 
sonics With a pieZo-resistive sensor. ApieZo-resistive sensor 
suitable for this purpose is knoWn from the article “Analysis 
of ultrasonic Wire bonding by in-situ pieZoresistive 
microsensors”, Which Was published in the proceedings of 
the “Transducers ’01 Eurosensors XV” conference from Jun. 
10th—14th, 2001 in Munich. 

FIGS. 1 and 2 shoW a plan vieW and a cross-section of a 
sensor 1 integrated into a semiconductor chip Which com 
prises four pieZo-resistive elements 2 to 5 Which are elec 
trically connected into a Wheatstone bridge. The output 
signal of the sensor 1 corresponds to the output signal of the 
Wheatstone bridge. The sensor 1 preferably comprises of 
n-doped silicon 6 in one surface 7 of Which the pieZo 
resistive elements 2 to 5 are embedded as square-Wave 
shaped resistive paths of p-doped silicon. The surface 7 of 
the sensor 1 is covered With a customary passivation layer 8. 
The pieZo-resistive elements 2 to 5 are arranged outside a, 
for example, square contact area 9 Within Which the tip of the 
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capillary 10 of a Wire Bonder presses onto the semiconduc 
tor chip on calibration of the ultrasonic poWer. The area 
Where the tip of the capillary 10 presses onto the sensor 1 in 
the ideal case, is presented by a broken circular ring 10‘. In 
FIG. 1 the axes of a cartesian system of co-ordinates are 
marked With x and y. The x direction preferably runs parallel 
to one [110] axis of the silicon crystal. The square-Wave 
shaped paths of the pieZo-resistive elements 2 to 5 run in x 
direction and, as seen in x direction, are arranged to the left 
and right outside the contact area 9. They serve to detect the 
mechanical stresses, caused by the shear force Fx Which is 
induced by the capillary 10 in the sensor 1 in x direction on 
application of ultrasonics. For the measurement, the sensor 
1 should be orientated in relation to the Wire Bonder so that 
the direction of oscillation of the capillary 10 runs as far as 
possible parallel to x direction. 

FIG. 3 shoWs the electrical circuit diagram of the Wheat 
stone bridge formed by the four pieZo-resistive elements 2 to 
5. The four pieZo-resistive elements 2 to 5 are Wired up via 
normal printed conductors made of aluminium. The Wheat 
stone bridge is preferably supplied from a constant voltage 
source With a voltage U. The output voltage UOM=V1—V2 of 
the Wheatstone bridge then results in 

(11) 
U014: : 

Whereby R2 to R5 designate the ohmic resistances of the 
pieZo-resistive elements 2 to 5. 

The ?exural strength of the capillary is noW determined 
by means of a Wire Bonder in accordance With the folloWing 
method: 

1. The capillary, Without Wire or Without Wire ball, is 
placed onto the contact area 9 of the sensor 1. The 
capillary should be placed as far as possible in the 
centre of the contact area 9. 

2. A bond force FC Which is large enough so that the 
capillary does not slide back and forth on the surface of 
the sensor 1 in the next step 3 is applied to the capillary. 
A bond force of 1N has proved to be ef?cient. 

3. A prede?ned value of parameter P, for example the 
value used With the running production process, is 
applied to the ultrasonic transducer. One noW has to 
Wait until the initial response is completed and a 
stationary condition is achieved. This stationary con 
dition is characterised in that the amplitude UO of the 
sensor signal Uom(t) no longer changes. The amplitude 
U0 is saved as reference value URef: 

4. The capillary is raised from the sensor 1 and, While the 
capillary oscillates freely in the air, one of the previ 
ously described amplitudes AC or A5 is determined as 
amplitude A. 

5. The ?exural strength k of the capillary is then calcu 
lated as 

k=URE,/A (13). 

With this method therefore, it is assumed that the tangen 
tial force exerted by the capillary onto the ball bond is 
proportional to the shear force measured by the sensor 1. 
HoWever, the value k determined With this method for the 
?exural strength of the capillary does not characterise the 
?exural strength of the capillary as an absolute value but 
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only as a relative value, ie, as far as a proportional constant. 
One can also say that, instead of the precise value for the 
?exural strength, an estimated value is determined for the 
?exural strength. By the term estimated value is meant that 
not only is the value for the ?exural strength not absolutely 
precise but also that the estimated value is only knoWn as far 
as a proportional constant. 

FIG. 4 shoWs a plan vieW of a sensor 1 With Which a 
reference value URef can be determined Without the sensor 1 
having to be aligned relative to the direction of oscillation of 
the capillary. The sensor 1 contains four pieZo-resistive 
elements 2 to 5 for measurement of the shear force Fx 
induced in X direction, and four further pieZo-resistive 
elements 11 to 14 for measurement of the shear force Fy 
induced in y direction. The four pieZo-resistive elements 2 to 
5 are electrically connected as a ?rst Wheatstone bridge the 
output signal of Which is designated as U0“, The four 
pieZo-resistive elements 11 to 14 are electrically connected 
as a second Wheatstone bridge the output signal of Which is 
designated as Uom)y(t). With this sensor 1, a reference 
quantity URef can be determined Without the direction of 
oscillation of the capillary 10 having to be aligned parallel 
to the X direction of the sensor 1. As soon as the initial 
response is completed and a stationary condition is 
achieved, the reference quantity URef is determined from the 
amplitudes U0’), and Uoy of the output signals Uouma) and 
UOut,y(t) as 

(14) 

The dimensions of the contact area 9 amount typically to 
80 Mm-SO Mm, While the diameter of the tip of the capillary 
10 amounts to roughly 50 pm to 150 pm. 

The amplitudes of the output signals UOMM and Uouw are 
dependent on the position Where the capillary 10 presses 
onto the contact area 9. Therefore, in order to increase the 
accuracy of the calibration, it is suggested to place the 
capillary 10 on different locations on the contact area 9 and 
to determine the reference quantity URef and the correction 
factor y based on the measured values acquired at these 
locations, eg, as folloWs: 

In FIG. 4 the middle placement points 15 of the capillary 
10 are shoWn schematically to each of Which a pair of 
co-ordinates (xLk, yak) is assigned, Whereby the indices i and 
k in the example each accept ?ve different values. The 
distance betWeen tWo placement points 15 amounts typically 
to 5 pm to 10 pm. The amplitudes Uo?(xi)k, yak) and, if 
necessary Uo)y(xi)k, yak), measured in accordance With one of 
the methods described above each form an area With a 

saddle. NoW, the co-ordinates of the saddle (xs?, ys?) of the 
function U0), and then the value Uo>x(xs>x, ys?) as Well as, if 
necessary, the co-ordinates of the saddle (xsy, ysy) of the 
function Uoy and then the value Uo)y(xs)y, ysy) are deter 
mined mathematically and ?nally the reference value URef 
calculated according to equation (12) or (14). 

Adifferent possibility consists in measuring the geometri 
cal data relevant for the ?exural strength of the capillary and 
calculating the ?exural strength or an estimated value for the 
?exural strength from these by means of a simulation 
programme under consideration of material parameters such 
as modulus of elasticity, density and damping coef?cient for 
the internal friction of the capillary material at the ultrasonic 
frequency used for bonding. In the folloWing, it is explained 
hoW an estimated value for the ?exural strength of the 
capillary can be determined using the example of the cap 
illary shoWn in FIG. 5. 
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8 
FIG. 5 shoWs a cross-section of a capillary 10 Which is 

clamped in a horn 16 of a Wire Bonder. Ultrasonics is 
applied to the horn 16 from an ultrasonic transducer 17. 
Generally, the ultrasonic transducer 17 consists of pieZo 
electric ceramics. The ultrasonic transducer 17 is preferably 
supplied With an alternating current I=IO*cos(u)t) the fre 
quency u) of Which corresponds to the natural frequency of 
the oscillating system formed by the capillary and horn and 
the amplitude IO of Which is adapted to the bonding process. 

In the ?gure, L designates the distance of the tip 18 of the 
capillary from the clamping point on the horn Which varies 
typically by up to 100 pm from clamp to clamp. 
The capillary 10 comprises an oblong body 19 With a 

longitudinal drill hole 20 tapered toWards the outlet for 
acceptance of a not presented bonding Wire. The body 19 is 
tapered toWards the tip 18 of the capillary 10 in one or, as 
presented, in tWo stages 21 and 22. The body 19 therefore 
comprises a shaft 23 and the tWo tapered stages 21 and 22. 
In the art, the second stage 22 is generally termed as the 
“bottle neck”. The Wall thickness of the capillary 10 is at its 
smallest in the area of the bottle neck Which is Why the 
?uctuations in the geometry of the capillary 10 in the area of 
the bottle neck naturally have the strongest effect on the 
?exural strength. It is so that variations in the outer dimen 
sions have a much greater effect on the ?exural strength than 
variations in the inner diameter of the longitudinal drill hole 
20. A relatively good estimated value for the ?exural 
strength of the capillary 10 can therefore already be is 
determined When only the outer dimensions of the bottle 
neck are taken into consideration. In addition, the assump 
tion that the capillary 10 is rotationally symmetrical in 
relation to its longitudinal axis 24 in many cases proves to 
be justi?ed and suf?ciently accurate for determining the 
?exural strength. 

In the example, it is assumed that the outer geometry of 
the bottle neck is rotationally symmetrical and trapeZoidal. 
It is then characterised by means of the three lengths a, b and 
c. The three lengths a, b and c are determined With a suitable 
measuring method, eg optically. The geometry of the shaft 
23 and the ?rst tapering stage 21 are presumed as a constant 
as the in?uence of ?uctuations in these tWo parts on the 
?exural strength in a good approximation is insigni?cant. 
The geometry of the longitudinal drill hole 20 is also 
presumed as a constant as its in?uence on the ?exural 
strength is much less than the in?uence of the outer geom 
etry. 
The ?exural strength k5 is de?ned by means of the force 

F Which is necessary in order to de?ect the tip 18 of the 
capillary 10 by a prede?ned distance xO of typically 1 to 2 
pm orthogonally to its longitudinal axis 24 in a direction 
designated as x direction: 

The distance xO corresponds to the amplitude of the oscil 
lations of the horn 16 at the clamping point of the capillary 
10 relative to the tip of the capillary 10. 
The ?exural strength k5 is determined under consider 

ation of the material parameters of the capillary 10 such as 
modulus of elasticity E, density p and damping coef?cient 
y(u)) for the internal friction of the capillary material at the 
frequency of the ultrasonics used during bonding. This is 
done for example by means of a simulation programme 
Working according to the method of ?nite elements Which 
takes into consideration at least the outer geometry of the 
second tapering stage 22, ie of the bottle neck, in the 
example the second tapering stage 22 of the capillary 
assumed as being rotationally symmetrical and trapeZoidal 
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in cross-section, therefore the three geometrical parameters 
a, b and c, as Well as the material parameters modulus of 
elasticity E, density p and damping coef?cient y(u)). The 
geometry of the longitudinal drill hole 20 is presumed as a 
constant. The geometry of its outlet at the tip 18 of the 
capillary 20 is either considered as a constant or measured 
individually for each capillary 10 and taken into consider 
ation for the simulation. 
On determining the estimated value k With the aid of the 

simulation programme, the geometry of the ?rst tapering 
stage 21 and the shaft 23 are also preferably taken into 
consideration, hoWever, as a rule, these geometries can be 
presumed as constants as these parts are much more rigid 
than the second tapering stage 22. The value for the ?eXural 
strength k5 determined in this Way does not represent the 
actual ?eXural strength but an estimated value k. 

For the simulation, a dynamic model is preferably used 
With Which the border edge 25 is stimulated to oscillations 
in X direction. Furthermore, a torque induced by means of 
the de?ection of the border edge 25 is preferably also taken 
into consideration. It is hoWever also possible to use a static 
model With Which the border edge 25 is de?ected in X 
direction by a distance of typically 2 pm in X direction. With 
the dynamic as Well as the static model the force directed in 
X direction at the tip 18 of the capillary is calculated. The 
simulation therefore takes into consideration the mechanical 
characteristics of the capillary from its tip up to the clamping 
point on the horn 16 represented by the border edge 25. 

Capillaries With a different geometry are also available on 
the market. In this case, for the mathematical determining of 
the ?eXural strength by means of a simulation programme, 
the geometry of the tip of the capillary must be described by 
means of suitable parameters and these measured for the 
simulation for each capillary. 
From FIG. 5 it can also be seen that, in the loWer area of 

the second tapering stage 22, the longitudinal drill hole 20 
of the capillary 10 has a constant diameter H Which Widens 
out at the outlet for reasons Which are irrelevant for the 
present invention. When the diameter H is individually 
determined for each capillary, the ultrasonic parameter P can 
be adapted after a capillary change according to equation (7) 
as eXplained above. 
What is claimed is: 
1. Method for the calibration of a Wire Bonder after a 

change from a ?rst capillary to a second capillary, Whereby 
the ?rst or second capillary is clamped onto the tip of a horn 
to Which ultrasonics can be applied from an ultrasonic 
transducer, Whereby on operation With the ?rst capillary the 
ultrasonic transducer is controlled With a value P1 of a 
parameter P and Whereby on operation With the second 
capillary the ultrasonic transducer is controlled With a value 
P2 of the parameter P, Wherein an estimated value k1 is 
determined for the ?eXural strength of the ?rst capillary and 
an estimated value k2 is determined for the ?eXural strength 
of the second capillary, and Wherein the value P2 is set to 
P2=g(k1, k2)*P1, Whereby g(k1> k2) is a predetermined func 
tion of the tWo estimated values k1 and k2. 

2. Method according to claim 1, Wherein the function 
g(k1> k2) is given by g(k1> k2)=k1/k2~ 

3. Method according to claim 1, Wherein at least the outer 
geometry of the tip of the respective capillary is measured 
for determining the estimated values k1 and 

4. Method according to claim 2, Wherein at least the outer 
geometry of the tip of the respective capillary is measured 
for determining the estimated values k1 and k2. 

5. Method according to claim 1, Wherein the estimated 
values k1 and k2 are determined With the aid of a pieZo 
resistive sensor. 
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6. Method according to claim 2, Wherein the estimated 

values k1 and k2 are determined With the aid of a pieZo 
resistive sensor. 

7. Method for the calibration of a Wire Bonder after a 
change from a ?rst capillary to a second capillary, Whereby 
the ?rst or second capillary is clamped onto the tip of a horn 
to Which ultrasonics can be applied from an ultrasonic 
transducer, Whereby on operation With the ?rst capillary the 
ultrasonic transducer is controlled With a value P1 of a 
parameter P and Whereby on operation With the second 
capillary the ultrasonic transducer is controlled With a value 
P2 of the parameter P, Wherein an estimated value k1 is 
determined for the ?eXural strength of the ?rst capillary and 
an estimated value k2 is determined for the ?eXural strength 
of the second capillary, Wherein the amplitude A1 of the 
oscillations of the tip of the ?rst capillary is determined 
When a predetermined value P0 of the parameter P is applied 
to the ultrasonic transducer, Wherein the amplitude A2 of the 
oscillations of the tip of the second capillary is determined 
When the predetermined value P0 of the parameter P is 
applied to the ultrasonic transducer, and Wherein the value 
P2 is set to P2=g(k1, k2, A1, A2)*P1, Whereby g(k1, k2, A1, 
A2) is a predetermined function of the tWo estimated values 
k1 and k2 and the measured amplitudes A1 and A2. 

8. Method according to claim 7, Wherein the function 
g(k1> k2> A1> A2) is given by g(k1> k2> A1> A2)=k1/k2*A1/A2~ 

9. Method according to claim 7, Wherein at least the outer 
geometry of the tip of the respective capillary is measured 
for determining the estimated values k1 and k2. 

10. Method according to claim 8, Wherein at least the 
outer geometry of the tip of the respective capillary is 
measured for determining the estimated values k1 and k2. 

11. Method according to claim 7, Wherein the estimated 
values k1 and k2 are determined With the aid of a pieZo 
resistive sensor. 

12. Method according to claim 8, Wherein the estimated 
values k1 and k2 are determined With the aid of a pieZo 
resistive sensor. 

13. Method for the calibration of a Wire Bonder after a 
change from a ?rst capillary to a second capillary, Whereby 
the ?rst or second capillary is clamped onto the tip of a horn 
to Which ultrasonics can be applied from an ultrasonic 
transducer, Whereby on operation With the ?rst capillary the 
ultrasonic transducer is controlled With a value P1 of a 
parameter P and Whereby on operation With the second 
capillary the ultrasonic transducer is controlled With a value 
P2 of the parameter P, and Whereby the ?rst and second 
capillary have a longitudinal drill hole the side of Which 
facing toWards the outlet has a constant diameter H1 or H2 
over a certain distance, Wherein an estimated value k1 is 
determined for the ?eXural strength of the ?rst capillary and 
an estimated value k2 is determined for the ?eXural strength 
of the second capillary, Wherein the amplitude A1 of the 
oscillations of the tip of the ?rst capillary is determined 
When a predetermined value P0 of the parameter P is applied 
to the ultrasonic transducer, Wherein the amplitude A2 of the 
oscillations of the tip of the second capillary is determined 
When the predetermined value P0 of the parameter P is 
applied to the ultrasonic transducer, Wherein a diameter H1 
of the ?rst capillary and a diameter H2 of the second 
capillary are measured, and Wherein the value P2 is set to 
P2=g(k1> k2> A1> A2> H1> H2)*P1> whereby g(k1> k2> A1> A2> 
H1, H2) is a predetermined function of the tWo estimated 
values k1 and k2, the measured amplitudes A1 and A2 and the 
measured diameters H1 and H2. 
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14. Method according to claim 13, wherein the function 
g(k1> k2> A1> A2> H1> H2) is given by g(k1> k2> A1> A2> H1> 
H2)=k1/k2*A1/A2*H12/H22 

15. Method according to claim 13, Wherein at least the 
outer geometry of the tip of the respective capillary is 
measured for determining the estimated values k1 and k2. 

16. Method according to claim 14, Wherein at least the 
outer geometry of the tip of the respective capillary is 
measured for determining the estimated values k1 and 
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17. Method according to claim 13, Wherein the estimated 

values k1 and k2 are determined With the aid of a pieZo 
resistive sensor. 

18. Method according to claim 14, Wherein the estimated 
values k1 and k2 are determined With the aid of a pieZo 
resistive sensor. 


